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VIDEO ENCODING/DECODING METHOD
AND APPARATUS, AND RECORDING
MEDIUM IN WHICH BIT STREAM IS

STORED

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage Application of

International Application No. PCI/KR2017/011768, filed
on Oct. 24, 2017, which claims the benefit under 35 USC

119(a) and 365(b) of Korean Patent Application No.
10-2016-0142273, filed on Oct. 28, 2016, in the Korean
Intellectual Property Oflice.

TECHNICAL FIELD

The present invention relates to a method and apparatus
for encoding/decoding an 1mage and a recording medium
storing a bitstream. Particularly, the present invention relates
to a method and apparatus for encoding/decoding an 1image
ciliciently signaling intra prediction mode and a recording
medium storing a bitstream generated by an image encoding
method/apparatus of the present invention.

BACKGROUND ART

Recently, demands for high-resolution and high-quality
images such as high defimtion (HD) images and ultra high
definition (UHD) mmages, have increased in various appli-
cation fields. However, higher resolution and quality image
data has increasing amounts of data in comparison with
conventional 1mage data. Therefore, when transmitting
image data by using a medium such as conventional wired
and wireless broadband networks, or when storing image
data by using a conventional storage medium, costs of
transmitting and storing increase. In order to solve these
problems occurring with an increase 1n resolution and qual-
ity of 1image data, high-efliciency image encoding/decoding
techniques are required for higher-resolution and higher-
quality 1mages.

Image compression technology includes various tech-
niques, including: an inter-prediction technique of predict-
ing a pixel value included 1n a current picture from a
previous or subsequent picture of the current picture; an
intra-prediction techmique of predicting a pixel value
included 1n a current picture by using pixel information 1n
the current picture; a transform and quantization technique

for compressing energy of a residual signal; an entropy
encoding technique of assigning a short code to a value with
a high appearance frequency and assigning a long code to a
value with a low appearance frequency; etc. Image data may
be eflectively compressed by using such image compression
technology, and may be transmitted or stored.

DISCLOSURE
Technical Problem

An object of the present invention 1s to provide a method
and apparatus for encoding and decoding an image to
enhance compression efliciency.

Another object of the present imnvention 1s to provide a
method and apparatus for encoding and decoding an 1image
clliciently signaling intra prediction mode.
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Another object of the present invention i1s to provide a
recording medium storing a bitstream generated by an image
encoding method/apparatus of the present invention.

Technical Solution

An 1mage decoding method performed by an image
decoding apparatus according to the present invention may
comprise deriving an intra-prediction mode of a current
block, and performing intra-prediction for the current block
based on the intra-prediction mode.

In the image decoding method according to the present
invention, the deriving of the intra-prediction mode may
comprise decoding a predetermined mode sameness 1ndica-
tor, and the predetermined mode sameness indicator may
indicate whether or not the intra-prediction mode of the
current block 1s 1dentical to a predetermined mode.

In the 1image decoding method according to the present
invention, the predetermined mode may be one of an inter-
prediction mode of at least one neighbor block of the current
block, a DC mode and a planar mode.

In the 1image decoding method according to the present
invention, when the predetermined mode sameness indicator
has a first value, the intra-prediction mode of the current
block may be derived as the predetermined mode.

In the image decoding method according to the present
invention, when the predetermined mode sameness indicator
has a second value, the deniving of the intra-prediction mode
may further comprise configuring an MPM list for the
current block and decoding an MPM matching indicator for

the MPM list, and the MPM matching indicator may indicate
whether or not the intra-prediction mode of the current block
1s included in the MPM list.

In the image decoding method according to the present
invention, when the MPM matching indicator has a first
value, an MPM 1ndex for the MPM list may be decoded, and
the intra-prediction mode of the current block may be
derived as a candidate mode indicated by the MPM 1ndex
among candidate modes included i the MPM list.

In the image decoding method according to the present
invention, when the MPM matching indicator has a second
value, intra-prediction mode 1indicating information may be
decoded, and the ntra-prediction mode of the current block
may be derived as a mode indicated by the intra-prediction
mode indicating imformation.

In the image decoding method according to the present
invention, 1n the configuring of the MPM list, a plurality of
MPM lists may be configured, and a number of candidate
modes included 1n each of the plurality of MPM lists may be
different.

In the 1image decoding method according to the present
invention, when the intra-prediction mode of the current
block 1s included 1n a first MPM list among the plurality of
MPM lists and the first MPM list includes a single candidate
mode, an MPM index for the first MPM list may not be
decoded.

In the image decoding method according to the present
invention, the predetermined mode sameness indicator may
be decoded based on at least one among a slice type, a
coding parameter, a size and a form of the current block.

An 1mage encoding method performed by an image
encoding apparatus according to the present invention may
comprise determining an intra-prediction mode of a current
block, performing intra-prediction for the current block
based on the intra-prediction mode, and encoding the intra-
prediction mode.
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In the 1mage encoding method according to the present
invention, the encoding of the intra-prediction mode may
comprise encoding a predetermined mode sameness 1ndica-
tor, and the predetermined mode sameness indicator may
indicate whether or not the intra-prediction mode of the
current block 1s i1dentical to a predetermined mode.

In the 1mage encoding method according to the present
invention, when the intra-prediction mode of the current
block 1s 1dentical to the predetermined mode, the predeter-
mined mode sameness indicator having a first value may be
encoded.

In the 1mage encoding method according to the present
invention, when the intra-prediction mode of the current
block 1s different from the predetermined mode, the prede-
termined mode sameness indicator having a second value
may be encoded, and the encoding of the intra-prediction
mode may further comprise configuring an MPM list for the
current block and encoding an MPM matching indicator for
the MPM list, and the MPM matching indicator may indicate
whether or not the mtra-prediction mode of the current block
1s included in the MPM list.

In the 1mage encoding method according to the present
invention, when the intra-prediction mode of the current
block 1s included in the MPM list, the MPM matching
indicator having a first value, and an MPM index for the
MPM list may be encoded, and the MPM 1ndex may be an
index indicating the intra-prediction mode of the current
block among candidate modes included in the MPM list.

In the 1mage encoding method according to the present
invention, when the intra-prediction mode of the current
block 1s not included 1n the MPM list, the MPM matching,
indicator having a second value and intra-prediction mode
indicating information may be encoded, and the intra-pre-
diction mode indicating information may be information
indicating the intra-prediction mode of the current block.

In the 1mage encoding method according to the present
invention, in the configuring of the MPM list, a plurality of
MPM lists may be configured, and a number of candidates
modes included 1n each of the plurality of MPM lists may be
different.

In the 1mage encoding method according to the present
invention, when the intra-prediction mode of the current
block 1s included 1n a first MPM list of the plurality of MPM
lists and the first MPM list includes a single candidate mode,
an MPM 1ndex for the first MPM list may not be encoded.

In the 1mage encoding method according to the present
invention, the predetermined mode sameness indicator may
be encoded based on at least one among a slice type, a
coding parameter, a size and a form of the current block.

A recording medium according to the present invention
may store a bitstream generated by an 1mage encoding
method according to the present invention.

Advantageous Ellects

According to the present invention, a method and appa-
ratus for encoding and decoding an image to enhance
compression efliciency may be provided.

According to the present invention, a method and appa-
ratus for encoding and decoding an 1mage efliciently sig-
naling intra prediction mode may be provided.

According to the present invention, a recording medium
storing a bitstream generated by an 1image encoding method/
apparatus of the present invention may be provided.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing configurations of an
encoding apparatus according to an embodiment of the
present mvention.
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FIG. 2 1s a block diagram showing configurations of a
decoding apparatus according to an embodiment of the

present 1nvention.

FIG. 3 1s a view schematically showing a partition struc-
ture of an 1mage when encoding and decoding the 1mage.

FIG. 4 1s a view for explaining an embodiment of a
process ol intra prediction.

FIG. 5 1s a view for illustrating intra-prediction according
to the present 1nvention.

FIG. 6 1s a view {for 1llustrating step S510 of deriving an
intra-prediction mode according to the present invention.

FIG. 7 1s a view for illustrating at least one neighbor block
of the current block.

FIG. 8 1s a view for 1llustrating encoding of an intra-
prediction mode of a current block.

FIG. 9 1s a view for 1llustrating decoding of an intra-
prediction mode of a current block

MOD.

L1l

FOR CARRYING OUT THE INVENTION

A variety of modifications may be made to the present
invention and there are various embodiments of the present
invention, examples of which will now be provided with
reference to drawings and described 1in detail. However, the
present invention 1s not limited thereto, although the exem-
plary embodiments can be construed as including all modi-
fications, equivalents, or substitutes in a technical concept
and a technical scope of the present invention. The similar
reference numerals refer to the same or similar functions in
various aspects. In the drawings, the shapes and dimensions
of elements may be exaggerated for clarty. In the following
detailed description of the present invention, references are
made to the accompanying drawings that show, by way of
illustration, specific embodiments 1n which the mvention
may be practiced. These embodiments are described in
suflicient detail to enable those skilled in the art to imple-
ment the present disclosure. It should be understood that
vartous embodiments of the present disclosure, although
different, are not necessarilly mutually exclusive. For
example, specific features, structures, and characteristics
described herein, in connection with one embodiment, may
be implemented within other embodiments without depart-
ing from the spirit and scope of the present disclosure. In
addition, 1t should be understood that the location or
arrangement ol individual elements within each disclosed
embodiment may be modified without departing from the
spirit and scope of the present disclosure. The following
detailed description 1s, therefore, not to be taken 1n a limiting
sense, and the scope of the present disclosure 1s defined only
by the appended claims, appropriately interpreted, along
with the full range of equivalents to what the claims claim.

Terms used 1n the specification, “first’, ‘second’, etc. can
be used to describe various components, but the components
are not to be construed as being limited to the terms. The
terms are only used to differentiate one component from
other components. For example, the ‘first” component may
be named the ‘second’ component without departing from
the scope of the present invention, and the ‘second’ com-
ponent may also be similarly named the “first” component.
The term ‘and/or’ includes a combination of a plurality of
items or any one of a plurality of terms.

It will be understood that when an element 1s simply
referred to as being ‘connected to” or ‘coupled to’ another
clement without being ‘directly connected to” or ‘directly
coupled to’ another element in the present description, it
may be ‘directly connected to” or ‘directly coupled to’
another element or be connected to or coupled to another
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clement, having the other element intervening therebetween.
In contrast, 1t should be understood that when an element 1s
referred to as being “directly coupled” or “directly con-
nected” to another element, there are no intervening ele-
ments present.

Furthermore, constitutional parts shown 1n the embodi-
ments of the present invention are independently shown so
as to represent characteristic functions different from each
other. Thus, 1t does not mean that each constitutional part 1s
constituted 1n a constitutional unit of separated hardware or
software. In other words, each constitutional part includes
cach of enumerated constitutional parts for convenience.
Thus, at least two constitutional parts of each constitutional
part may be combined to form one constitutional part or one
constitutional part may be divided into a plurality of con-
stitutional parts to perform each function. The embodiment
where each constitutional part 1s combined and the embodi-
ment where one constitutional part 1s divided are also
included 1n the scope of the present invention, if not depart-
ing from the essence of the present invention.

The terms used in the present specification are merely
used to describe particular embodiments, and are not
intended to limit the present invention. An expression used
in the singular encompasses the expression of the plural,
unless 1t has a clearly different meaning in the context. In the
present specification, 1t 1s to be understood that terms such
as “including”, “having”, etc. are mtended to indicate the
existence of the features, numbers, steps, actions, elements,
parts, or combinations thereof disclosed 1n the specification,
and are not mtended to preclude the possibility that one or
more other features, numbers, steps, actions, elements, parts,
or combinations thereof may exist or may be added. In other
words, when a specific element 1s referred to as being
“included”, elements other than the corresponding element
are not excluded, but additional elements may be included 1n
embodiments of the present mvention or the scope of the

present invention.
In addition, some of constituents may not be indispens-

able constituents performing essential functions of the pres-
ent mvention but be selective constituents improving only
performance thereof. The present invention may be imple-
mented by including only the indispensable constitutional
parts for implementing the essence of the present invention
except the constituents used in 1improving performance. The
structure including only the indispensable constituents
except the selective constituents used 1 1mproving only
performance 1s also included in the scope of the present
invention.

Hereinafter, embodiments of the present invention will be
described 1n detail with reference to the accompanying
drawings. In describing exemplary embodiments of the
present invention, well-known functions or constructions
will not be described 1n detail since they may unnecessarily
obscure the understanding of the present invention. The
same constituent elements in the drawings are denoted by
the same reference numerals, and a repeated description of
the same elements will be omitted.

In addition, hereinafter, an 1image may mean a picture
configuring a video, or may mean the video 1itself. For
example, “encoding or decoding or both of an 1image” may
mean “encoding or decoding or both of a video”, and may
mean “encoding or decoding or both of one 1image among
images of a video.” Here, a picture and the image may have
the same meaning.

Description of Terms

Encoder: means an apparatus performing encoding.
Decoder: means an apparatus performing decoding
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Block: 1s an MxN array of a sample. Herein, M and N
mean positive integers, and the block may mean a sample
array ol a two-dimensional form. The block may refer to a
unit. A current block my mean an encoding target block that
becomes a target when encoding, or a decoding target block
that becomes a target when decoding. In addition, the current
block may be at least one of an encode block, a prediction
block, a residual block, and a transform block.

Sample: 1s a basic unit constituting a block. It may be
expressed as a value from 0 to 2°“~1 according to a bit depth
(B ). In the present invention, the sample may be used as a
meaning ol a pixel.

Unit: refers to an encoding and decoding unit. When
encoding and decoding an image, the unit may be a region
generated by partitioning a single image. In addition, the
unit may mean a subdivided unit when a single 1mage 1s
partitioned into subdivided units during encoding or decod-
ing. When encoding and decoding an image, a predeter-
mined process for each unit may be performed. A single unit
may be partitioned into sub-units that have sizes smaller
than the size of the unit. Depending on functions, the umit
may mean a block, a macroblock, a coding tree unit, a code
tree block, a coding unit, a coding block), a prediction unat,
a prediction block, a residual unit), a residual block, a
transform unit, a transform block, etc. In addition, in order
to distinguish a unit from a block, the unit may include a
luma component block, a chroma component block associ-
ated with the luma component block, and a syntax element
of each color component block. The unit may have various
sizes and forms, and particularly, the form of the unit may
be a two-dimensional geometrical figure such as a rectan-
gular shape, a square shape, a trapezoid shape, a triangular
shape, a pentagonal shape, etc. In addition, unit information
may include at least one of a unit type indicating the coding
unit, the prediction unit, the transform unit, etc., and a umt
s1ze, a unit depth, a sequence of encoding and decoding of
a unit, etc.

Coding Tree Unit: 1s configured with a single coding tree
block of a luma component Y, and two coding tree blocks
related to chroma components Cb and Cr. In addition, 1t may
mean that including the blocks and a syntax element of each
block. Each coding tree unit may be partitioned by using at
least one of a quad-tree partitioning method and a binary-
tree partitioning method to configure a lower unit such as
coding unit, prediction unit, transform unit, etc. It may be
used as a term for designating a pixel block that becomes a
process unit when encoding/decoding an 1image as an input
image.

Coding Tree Block: may be used as a term for designating,
any one of a Y coding tree block, Cb coding tree block, and
Cr coding tree block.

Neighbor Block: means a block adjacent to a current
block. The block adjacent to the current block may mean a
block that comes into contact with a boundary of the current
block, or a block positioned within a predetermined distance
from the current block. The neighbor block may mean a
block adjacent to a vertex of the current block. Herein, the
block adjacent to the vertex of the current block may mean
a block vertically adjacent to a neighbor block that is
horizontally adjacent to the current block, or a block hori-
zontally adjacent to a neighbor block that i1s vertically
adjacent to the current block.

Reconstructed Neighbor block: means a neighbor block
adjacent to a current block and which has been already
spatially/temporally encoded or decoded. Herein, the recon-
structed neighbor block may mean a reconstructed neighbor
unit. A reconstructed spatial neighbor block may be a block
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within a current picture and which has been already recon-
structed through encoding or decoding or both. A recon-
structed temporal neighbor block 1s a block at the same
position as the current block of the current picture within a
reference picture, or a neighbor block thereof.

Unit Depth: means a partitioned degree of a unit. In a tree
structure, a root node may be the highest node, and a leaf
node may be the lowest node. In addition, when a umit 1s
expressed as a tree structure, a level in which a unit 1s
present may mean a unit depth.

Bitstream: means a bitstream including encoding image
information.

Parameter Set: corresponds to header information among,
a configuration within a bitstream. At least one of a video
parameter set, a sequence parameter set, a picture parameter
set, and an adaptation parameter set may be included 1n a
parameter set. In addition, a parameter set may include a
slice header, and tile header information.

Parsing: may mean determination of a value of a syntax
clement by performing entropy decoding, or may mean the
entropy decoding itsell.

Symbol: may mean at least one of a syntax element, a
coding parameter, and a transform coeflicient value of an
encoding/decoding target unit. In addition, the symbol may
mean an entropy encoding target or an entropy decoding
result.

Prediction Unit: means a basic unit when performing
prediction such as inter-prediction, intra-prediction, inter-
compensation, intra-compensation, and motion compensa-
tion. A single prediction umt may be partitioned into a
plurality of partitions with a small size, or may be parti-
tioned 1nto a lower prediction unit.

Prediction Umnit Partition: means a form obtained by
partitioning a prediction unit.

Transform Unit: means a basic unit when performing
encoding/decoding such as transform, inverse-transiorm,
quantization, dequantization, transiform coethicient encod-
ing/decoding of a residual signal. A single transform unit
may be partitioned into a plurality of transform units having,
a small size.

FIG. 1 1s a block diagram showing a configuration of an
encoding apparatus according to an embodiment to which
the present mnvention 1s applied.

An encoding apparatus 100 may be an encoder, a video
encoding apparatus, or an 1mage encoding apparatus. A
video may include at least one 1image. The encoding appa-
ratus 100 may sequentially encode at least one 1mage.

Referring to FIG. 1, the encoding apparatus 100 may
include a motion prediction unit 111, a motion compensation
unit 112, an intra-prediction unit 120, a switch 115, a
subtractor 125, a transform unit 130, a quantization unit 140,
an entropy encoding unit 150, a dequantization unit 160, a
inverse-transtform unit 170, an adder 175, a filter unit 180,
and a reference picture builer 190.

The encoding apparatus 100 may perform encoding of an
input 1image by using an intra mode or an inter mode or both.
In addition, encoding apparatus 100 may generate a bit-
stream through encoding the mput image, and output the
generated bitstream. The generated bitstream may be stored
in a computer readable recording medium, or may be
streamed through a wired/wireless transmission medium.
When an intra mode 1s used as a prediction mode, the switch
115 may be switched to an intra. Alternatively, when an inter
mode 1s used as a prediction mode, the switch 115 may be
switched to an inter mode. Herein, the intra mode may mean
an 1ntra-prediction mode, and the inter mode may mean an
inter-prediction mode. The encoding apparatus 100 may
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generate a prediction block for an iput block of the mnput
image. In addition, the encoding apparatus 100 may encode
a residual of the mput block and the prediction block after
the prediction block being generated. The mput image may
be called as a current image that 1s a current encoding target.
The mput block may be called as a current block that i1s
current encoding target, or as an encoding target block.

When a prediction mode 1s an intra mode, the intra-
prediction unit 120 may use a pixel value of a block that has
been already encoded/decoded and 1s adjacent to a current
block as a reference pixel. The mtra-prediction unit 120 may
perform spatial prediction by using a reference pixel, or
generate prediction samples of an input block by performing
spatial prediction. Herein, the intra prediction may mean
intra-prediction,

When a prediction mode 1s an inter mode, the motion
prediction unit 111 may retrieve a region that best matches
with an iput block from a reference 1image when perform-
ing motion prediction, and deduce a motion vector by using
the retrieved region. The reference 1image may be stored in
the reference picture buller 190.

The motion compensation unit 112 may generate a pre-
diction block by performing motion compensation using a
motion vector. Herein, inter-prediction may mean inter-
prediction or motion compensation.

The subtractor 125 may generate a residual block by using,
a residual of an mnput block and a prediction block. The
residual block may be called as a residual signal. The
residual signal may mean a difference between an original
signal and a prediction signal. In addition, the residual signal
may be a signal generated by transforming or quantizing, or
transforming and quantizing a difference between the origi-
nal signal and the prediction signal. The residual block may
be a residual signal of a block unit.

The transform unit 130 may generate a transform coedli-
cient by performing transform of a residual block, and
output the generated transform coeflicient. Herein, the trans-
form coeflicient may be a coeflicient value generated by
performing transtform of the residual block. When a trans-
form skip mode 1s applied, the transform unit 130 may skip
transform of the residual block.

A quantized level may be generated by applying quanti-
zation to the transform coellicient or to the residual signal.
Hereinafter, the quantized level may be also called as a
transform coeflicient in embodiments.

The quantization unit 140 may generate a quantized level
by quantizing the transform coeflicient or the residual signal
according to a parameter, and output the generated quantized
level. Herein, the quantization unit 140 may quantize the
transform coellicient by using a quantization matrix.

The entropy encoding unit 150 may generate a bitstream
by performing entropy encoding according to a probability
distribution on values calculated by the quantization unit
140 or on coding parameter values calculated when per-
forming encoding, and output the generated bitstream. The
entropy encoding unit 150 may perform entropy encoding of
pixel information of an 1image and information for decoding
an 1mage. For example, the imnformation for decoding the
image may include a syntax element.

When entropy encoding 1s applied, symbols are repre-
sented so that a smaller number of bits are assigned to a
symbol having a high chance of being generated and a larger
number of bits are assigned to a symbol having a low chance
of being generated, and thus, the size of bit stream for
symbols to be encoded may be decreased. The entropy
encoding unit 150 may use an encoding method for entropy
encoding such as exponential Golomb, context-adaptive

e
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variable length coding (CAVLC), context-adaptive binary
arithmetic coding (CABAC), etc. For example, the entropy
encoding unit 150 may perform entropy encoding by using
a variable length coding/code (VLC) table. In addition, the
entropy encoding unit 150 may deduce a binarization
method of a target symbol and a probability model of a target
symbol/bin, and perform arithmetic coding by using the
deduced binarization method, and a context model.

In order to encode a transform coeflicient level, the
entropy encoding unit 150 may change a two-dimensional
block form coeflicient into a one-dimensional vector form
by using a transform coeflicient scanning method.

A coding parameter may 1nclude information (tlag, index,
etc.) such as syntax element that 1s encoded in an encoder
and signaled to a decoder, and information derived when
performing encoding or decoding. The coding parameter
may mean information required when encoding or decoding,
an 1mage. For example, at least one value or a combination
form of a unit/block size, a umt/block depth, unit/block
partition information, unit/block partition structure, whether
to partition of a quad-tree form, whether to partition of a
binary-tree form, a partition direction of a binary-tree form
(horizontal direction or vertical direction), a partition form
of a binary-tree form (symmetric partition or asymmetric
partition), an intra-prediction mode/direction, a reference
sample filtering method, a prediction block filtering method,
a prediction block filter tap, a prediction block filter coet-
ficient, an ter-prediction mode, motion information, a
motion vector, a reference picture index, a inter-prediction
angle, an inter-prediction indicator, a reference picture list,
a reference picture, a motion vector predictor candidate, a
motion vector candidate list, whether to use a merge mode,
a merge candidate, a merge candidate list, whether to use a
skip mode, an interpolation filter type, an interpolation filter
tab, an interpolation filter coeflicient, a motion vector size,
a presentation accuracy of a motion vector, a transform type,
a transform size, information of whether or not a primary
(first) transform 1s used, mmformation of whether or not a
secondary transform 1s used, a primary transform index, a
secondary transform 1ndex, information of whether or not a
residual signal 1s present, a coded block pattern, a coded
block flag(CBF), a quantization parameter, a quantization
matrix, whether to apply an intra loop filter, an intra loop
filter coetlicient, an 1ntra loop filter tab, an intra loop filter
shape/form, whether to apply a deblocking filter, a deblock-
ing filter coeflicient, a deblocking filter tab, a deblocking
filter strength, a deblocking filter shape/form, whether to
apply an adaptive sample oflset, an adaptive sample oflset
value, an adaptive sample oflset category, an adaptive
sample offset type, whether to apply an adaptive in-loop
filter, an adaptive in-loop filter coeflicient, an adaptive
in-loop filter tab, an adaptive in-loop filter shape/form, a
binarization/inverse-binarization method, a context model
determining method, a context model updating method,
whether to perform a regular mode, whether to perform a

bypass mode, a context bin, a bypass bin, a transform
coeflicient, a transform coeflicient level, a transtorm coet-
ficient level scanning method, an 1image displaying/output-
ting sequence, slice 1dentification information, a slice type,
slice partition information, tile identification information, a
tile type, tile partition information, a picture type, a bit
depth, and information of a luma signal or chroma signal
may be included in the coding parameter.

Herein, signaling the flag or index may mean that a
corresponding tlag or index 1s entropy encoded and included
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in a bitstream by an encoder, and may mean that the
corresponding flag or index is entropy decoded from a
bitstream by a decoder.

When the encoding apparatus 100 performs encoding
through inter-prediction, an encoded current 1mage may be
used as a reference 1mage for another image that 1s processed
alterwards. Accordingly, the encoding apparatus 100 may
reconstruct or decode the encoded current image, or store the
reconstructed or decoded image as a reference 1mage.

A quantized level may be dequantized in the dequantiza-
tion unit 160, or may be mverse-transformed in the mverse-
transform umt 170. A dequantized or inverse-transformed
coellicient or both may be added with a prediction block by
the adder 175. By adding the dequantized or inverse-trans-
formed coeflicient or both with the prediction block, a
reconstructed block may be generated. Herein, the dequan-
tized or inverse-transformed coeflicient or both may mean a
coellicient on which at least one of dequantization and
inverse-transform 1s performed, and may mean a recon-
structed residual block.

A reconstructed block may pass through the filter unit
180. The filter unmit 180 may apply at least one of a
deblocking filter, a sample adaptive oflset (SAQO), and an
adaptive loop filter (ALF) to the reconstructed block or a
reconstructed image. The filter unit 180 may be called as an
in-loop filter.

The deblocking filter may remove block distortion gen-
erated 1n boundaries between blocks. In order to determine
whether or not to apply a deblocking filter, whether or not to
apply a deblocking filter to a current block may be deter-
mined based pixels included in several rows or columns
which are included 1n the block. When a deblocking filter 1s
applied to a block, another filter may be applied according
to a required deblocking filtering strength.

In order to compensate an encoding error, a proper ollset
value may be added to a pixel value by using a sample
adaptive offset. The sample adaptive oflset may correct an
oflset of a deblocked 1image from an original 1mage by a
pixel unit. A method of partitioning pixels of an 1image nto
a predetermined number of regions, determining a region to
which an oflset 1s applied, and applying the offset to the
determined region, or a method of applying an oflset in

consideration of edge mformation on each pixel may be
used.

The adaptive loop filter may perform filtering based on a
comparison result of the filtered reconstructed 1image and the
original 1image. Pixels included 1n an image may be parti-
tioned mto predetermined groups, a filter to be applied to
cach group may be determined, and ditferential filtering may
be performed for each group. Information of whether or not
to apply the ALF may be signaled by coding umts (CUs),
and a form and coeflicient of the ALF to be applied to each
block may vary.

The reconstructed block or the reconstructed 1mage hav-
ing passed through the filter unit 180 may be stored in the
reference picture bufler 190. FIG. 2 1s a block diagram
showing a configuration of a decoding apparatus according,
to an embodiment and to which the present mmvention 1s
applied.

A decoding apparatus 200 may a decoder, a video decod-
ing apparatus, or an 1image decoding apparatus.

Referring to FIG. 2, the decoding apparatus 200 may
include an entropy decoding unit 210, a dequantization unit
220, a mverse-transform umt 230, an intra-prediction unit
240, a motion compensation umt 230, an adder 225, a filter
unmit 260, and a reference picture butler 270.
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The decoding apparatus 200 may receive a bitstream
output from the encoding apparatus 100. The decoding
apparatus 200 may receive a bitstream stored 1n a computer
readable recording medium, or may receive a bitstream that
1s streamed through a wired/wireless transmission medium.
The decoding apparatus 200 may decode the bitstream by
using an intra mode or an inter mode. In addition, the
decoding apparatus 200 may generate a reconstructed image
generated through decoding or a decoded 1image, and output
the reconstructed 1mage or decoded 1mage.

When a prediction mode used when decoding 1s an intra
mode, a switch may be switched to an intra. Alternatively,
when a prediction mode used when decoding 1s an inter
mode, a switch may be switched to an inter mode.

The decoding apparatus 200 may obtain a reconstructed
residual block by decoding the input bitstream, and generate
a prediction block. When the reconstructed residual block
and the prediction block are obtained, the decoding appa-
ratus 200 may generate a reconstructed block that becomes
a decoding target by adding the reconstructed residual block
with the prediction block. The decoding target block may be
called a current block.

The entropy decoding unit 210 may generate symbols by
entropy decoding the bitstream according to a probability
distribution. The generated symbols may include a symbol
of a quantized level form. Herein, an entropy decoding
method may be a mverse-process of the entropy encoding
method described above.

In order to decode a transform coellicient level, the
entropy decoding unit 210 may change a one-directional
vector form coeflicient into a two-dimensional block form
by using a transform coeflicient scannming method.

A quantized level may be dequantized 1n the dequantiza-
tion unit 220, or inverse-transformed 1n the inverse-trans-
form unit 230. The quantized level may be a result of
dequantizing or mverse-transiorming or both, and may be
generated as a reconstructed residual block. Herein, the
dequantization unit 220 may apply a quantization matrix to
the quantized level.

When an intra mode 1s used, the intra-prediction unit 240
may generate a prediction block by performing spatial
prediction that uses a pixel value of a block adjacent to a
decoding target block and which has been already decoded.

When an inter mode 1s used, the motion compensation
unit 250 may generate a prediction block by performing
motion compensation that uses a motion vector and a
reference 1image stored in the reference picture bufler 270.

The adder 225 may generate a reconstructed block by
adding the reconstructed residual block with the prediction
block. The filter unit 260 may apply at least one of a
deblocking filter, a sample adaptive offset, and an adaptive
loop filter to the reconstructed block or reconstructed image.
The filter unit 260 may output the reconstructed image. The
reconstructed block or reconstructed 1mage may be stored in
the reference picture bufler 270 and used when performing,
inter-prediction.

FIG. 3 1s a view schematically showing a partition struc-
ture of an 1mage when encoding and decoding the 1mage.
FIG. 3 schematically shows an example of partitioning a
single unit 1nto a plurality of lower unaits.

In order to efliciently partition an 1mage, when encoding
and decoding, a coding unit (CU) may be used. The coding
unit may be used as a basic unit when encoding/decoding the
image. In addition, the coding unit may be used as a unit for
distinguishing an intra mode and an inter mode when
encoding/decoding the image. The coding unit may be a
basic unit used for prediction, transform, quantization,
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inverse-transform, dequantization, or an encoding/decoding
process ol a transform coeflicient.

Referring to FIG. 3, an image 300 1s sequentially parti-
tioned 1n a largest coding unit (LCU), and a LCU unit 1s
determined as a partition structure. Herein, the LCU may be
used 1n the same meaning as a coding tree unit (CTU). A umit
partitioning may mean partitioning a block associated with
to the umit. In block partition information, mnformation of a
unit depth may be included. Depth information may repre-
sent a number of times or a degree or both in which a unit
1s partitioned. A single unit may be partitioned 1n a layer
associated with depth information based on a tree structure.
Each of partitioned lower unit may have depth information.
Depth information may be information representing a size of
a CU, and may be stored 1n each CU.

A partition structure may mean a distribution of a coding
umt (CU) within an LCU 310. Such a distribution may be
determined according to whether or not to partition a single
CU 1nto a plurality (positive iteger equal to or greater than
2 mncluding 2, 4, 8, 16, etc.) of CUs. A horizontal size and
a vertical size of the CU generated by partitioning may
respectively be half of a horizontal size and a vertical size of
the CU before partitioning, or may respectively have sizes
smaller than a horizontal size and a vertical size before
partitioning according to a number of times of partitioning.
The CU may be recursively partitioned into a plurality of
CUs. Partitioning of the CU may be recursively performed
until to a predefined depth or predefined size. For example,
a depth of an LCU may be O, and a depth of a smallest
coding unmit (SCU) may be a predefined maximum depth.
Herein, the LCU may be a coding unit having a maximum
coding unit size, and the SCU may be a coding unmit having
a mimmum coding unit size as described above. Partitioning
1s started from the LCU 310, a CU depth increases by 1 as
a horizontal size or a vertical size or both of the CU
decreases by partitioning.

In addition, mnformation whether or not the CU 1s parti-
tioned may be represented by using partition information of
the CU. The partition information may be 1-bit information.
All CUs, except for a SCU, may include partition informa-
tion. For example, when a value of partition information 1s
1, the CU may not be partitioned, when a value of partition
information 1s 2, the CU may be partitioned.

Retferring to FIG. 3, an LCU having a depth 0 may be a
64x64 block. 0 may be a mmimum depth. A SCU having a
depth 3 may be an 8x8 block. 3 may be a maximum depth.
A CU of a 32x32 block and a 16x16 block may be
respectively represented as a depth 1 and a depth 2.

For example, when a single coding unit 1s partitioned 1nto
four coding units, a horizontal size and a vertical size of the
four partitioned coding units may be a hall size of a
horizontal and vertical size of the CU before being parti-
tioned. In one embodiment, when a coding unit having a
32x32 size 1s partitioned into four coding units, each of the
four partitioned coding units may have a 16x16 size. When
a single coding unit 1s partitioned nto four coding units, 1t
may be called that the coding umit may be partitioned into a
quad-tree form.

For example, when a single coding unit 1s partitioned 1nto
two coding umits, a horizontal or vertical size of the two
coding units may be a half of a horizontal or vertical size of
the coding unit before being partitioned. For example, when
a coding unit having a 32x32 size 1s partitioned 1n a vertical
direction, each of two partitioned coding units may have a
s1ze of 16x32. When a single coding unit 1s partitioned nto
two coding units, it may be called that the coding unit 1s

partitioned in a binary-tree form. An LCU 320 of FIG. 3 1s
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an example of an LCU to which both of partitioning of a
quad-tree form and partitioning of a binary-tree form are
applied.

FIG. 4 1s a view showing an intra-prediction process.

An intra-prediction mode may be a non-angular mode or
an angular mode. The non-angular mode may be a DC mode
or a planar mode, and the angular mode may be a prediction
mode having a specific direction or angle. The intra-predic-
tion mode may be expressed by at least one of a mode
number, a mode value, a mode numeral, and a mode angle.
A number of 1ntra-prediction modes may be M including 1,
and the non-angular and the angular mode.

A number of intra-prediction modes may be fixed to N
regardless of a block size. Alternatively, a number of intra-
prediction modes may vary according to a block size or a
color component type or both. For example, as a block size
becomes large, a number of intra-prediction modes may
increase. Alternatively, a number of intra-prediction modes
of a luma component block may be larger than a number of
intra-prediction modes of a chroma component block.

In order to intra-predict a current block, a step of deter-
mimng whether or not samples included 1n a reconstructed
neighbor block may be used as reference samples of the
current block may be performed. When a sample that 1s not
usable as a reference sample of the current block i1s present,
a value obtained by duplicating or performing interpolation
on at least one sample value among samples included in the
reconstructed neighbor block or both may be used to replace
with a non-usable sample value of a sample, thus the
replaced sample value 1s used as a reference sample of the
current block.

When intra-predicting, a filter may be applied to at least
one of a reference sample and a prediction sample based on
an intra-prediction mode and a current block size.

In case of a planar mode, when generating a prediction
block of a current block, according to a position of a
prediction target sample within a prediction block, a sample
value of the prediction target sample may be generated by
using a weighted sum of an upper and left side reference
sample of a current sample, and a right upper side and left
lower side reference sample of the current block. In addition,
in case of a DC mode, when generating a prediction block
of a current block, an average value of upper side and left
side reference samples of the current block may be used. In
addition, in case of an angular mode, a prediction block may
be generated by using an upper side, a left side, a right upper
side, and/or a left lower side reference sample of the current
block. In order to generate a prediction sample value,
interpolation of a real number unit may be performed.

An 1tra-prediction mode of a current block may be
entropy encoded/decoded by predicting an intra-prediction
mode of a block present adjacent to the current block. When
intra-prediction modes of the current block and the neighbor
block are identical, information that the intra-prediction
modes of the current block and the neighbor block are
identical may be signaled by using predetermined flag
information. In addition, indicator information of an intra-
prediction mode that 1s 1dentical to the itra-prediction mode
of the current block among intra-prediction modes of a
plurality of neighbor blocks may be signaled. When 1ntra-
prediction modes of the current block and the neighbor
block are different, intra-prediction mode information of the
current block may be entropy encoded/decoded by perform-
ing entropy encoding/decoding based on the intra-prediction
mode of the neighbor block.

FIG. 5 15 a view for illustrating intra-prediction according,
to the present 1nvention.
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Intra-prediction for a current block may include at least
one of step S510 of derniving an intra-prediction mode, step
S520 of configuring a reference sample, and step S330 of
performing intra-prediction.

In step S510, an mtra-prediction mode of a current block
may be derived. The intra-prediction mode of the current
block may be derived by using at least one of a method using
at least one of a slice type, a quantization parameter QP, a
block size, and a block form, a method of determining a
predetermined mode sameness, a method of configuring and
classitying an MPM list, and a method of entropy encoding/
decoding prediction mode information.

In step S520, the reference sample may be configured by
performing at least one of reference sample selecting and
reference sample filtering.

In step S330, intra-prediction for the current block may be
performed by using at least one of non-angular prediction,
angular prediction, and chroma intra prediction (LM: Linear
Model). In addition, when performing intra-prediction, {il-
tering for a prediction sample may be performed.

Over-head may be reduced by using an MPM mode and
a non-MPM mode for signaling the intra-prediction mode.
An indicator for distinguishing the above modes may be
signaled (for example, prev_intra_luma_pred_flag).

The MPM list may be configured by including n MPM
candidate modes. The n may be an integer equal to or greater
than 1. The MPM candidate mode may be selected from an
intra prediction mode of a neighbor block of the current
block, a planar mode, and a DC mode, or an LM mode.
When the MPM list includes a number of candidate modes
which 1s smaller than n, a neighbor mode of an angular mode
among modes that are added to the MPM list may be
included in the MPM list. The neighbor mode may be a
mode corresponding to an angular mode +m and an angular
mode —m. The m may be an integer equal to or greater than
1. When the MPM list includes a number of candidate modes
which 1s smaller than n afterwards, a default mode may be
included 1 the MPM list. For example, the default mode
may be a mode having a high occurrence frequency such as
horizontal mode, vertical mode, a 45 degrees mode, a 135
degrees mode, etc.

When there 1s a big difference 1in an actual occurrence
frequency of an MPM candidate mode, the MPM candidate
mode 1s classified based on the actual occurrence frequency,
thus the intra-prediction mode may be effectively signaled.

Table 1 1s a table showing results and probabilities of
selected 1ntra-prediction modes that are encoded 1 two
encoding configurations which are All Intra and Random
Access 1 a BasketballDrill sequence.

TABLE 1

QP MPM1 MPM2 MPM 3 MPM4 MPM S5 MPM 6 non MPM

BasketballDrill (All Intra)(%)

22 358 19.5 54 9.6 7.2 5.0 17.5
27 349 18.8 5.7 9.4 6.2 4.5 20.5
32 323 18.5 6.7 9.6 5.7 4.5 23.3
37 30.6 18.8 8.0 7.6 5.0 3.9 26.1
BasketballDrill (Random Access)(%o)
22 324 16.3 5.1 6.5 5.6 4.0 30.1
27 324 16.9 5.5 7.3 5.6 3.9 28.3
32 31.5 16.7 6.2 7.2 4.4 3.4 30.6
37 285 17.3 7.0 5.8 4.3 3.4 33.7

As Table 1 suggests, the intra-prediction mode of the
current block 1s 1dentical to a candidate mode 1 (MPM 1) of
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the MPM list with the highest probability. In other words,
among candidate modes 1included 1n the MPM list, the MPM
1 has the highest occurrence frequency. Therefore, an indi-
cator indicating that the MPM 1 1s identical to the intra-
prediction mode of the current block (for example, X mode
flag) 1s signaled so that index information such as mode Idx
may not be additionally signaled. The mode_Idx may an
index indicating a mode that 1s identical to the intra-
prediction mode of the current block among modes included
in the MPM list.

The MPM 1 may correspond to a predetermined mode of
the present invention. For example, the predetermined mode
may be a first candidate mode of the MPM list. However, it
1s not limited thereto, and it may be a fixed mode (for

example, DC mode or planar mode), or a k-th candidate
mode of the MPM list.

In case of a P or B slice, intra-prediction for a neighbor
block of the current block may be rarely performed. There-
fore, there 1s high probability that the MPM list may be
configured to mclude a fixed mode. Alternatively, in case of
an I slice, there 1s high probability 1n that the MPM list may
be configured by using an intra-prediction mode of a neigh-
bor block. In other words, according to the slice type, a
method of configuring the MPM list may vary. Therelfore,
based on the slice type, a method of signaling the intra-
prediction mode may be adaptively selected.

Referring again to Table 1, when a quantization parameter
QP becomes smaller, the probability that the MPM 1 1s
identical to the intra-prediction mode of the current block
becomes high. In other words, when the QP becomes
smaller, the probability in that the MPM 1 1s selected
becomes high. Therefore, according to the QP, a method of
signaling the intra-prediction mode may be adaptively
selected.

Alternatively, both of the slice types to which the current
block belongs and the QP of the current block may be
considered.

FIG. 6 1s a view for 1llustrating step S510 of deriving an
intra-prediction mode according to the present invention.

Deriving of the intra-prediction mode of the current block
may 1include at least one of step S610 of selecting an
encoding/decoding (signaling) method, step S620 of deter-
miming a predetermined mode sameness, step S630 of con-
figuring an MPM list, and step S640 performing encoding/
decoding of a prediction mode. The encoding/decoding may
mean entropy encoding/decoding.

In step S610, an encoding/decoding method used for
encoding/decoding the intra-prediction mode of the current
block may be selected. Selecting of the encoding/decoding,
method may be performed based on at least one of a coding,
parameter ol the current block, a slice type to which the
current block belongs, a quantization parameter of the
current block, a size of the current block, and a form of the
current block. For example, by selecting the encoding/
decoding method, at least one of step S620 of determining
the predetermined mode sameness, step S630 of configuring
the MPM list, and step S640 of encoding/decoding of the
prediction mode may be differently performed.

In step S620, whether or not the intra-prediction mode of
the current block 1s 1dentical to the predetermined mode may
be determined.

In step S630, based on the above sameness determination,
the MPM list may be configured. The MPM list may be
configured with k layers, and each layer may include a
number of candidate modes, and the number may be 1den-
tical or different.
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In step S640, intra-prediction mode mnformation for sig-
naling the intra-prediction mode of the current block may be
encoded/decoded. The intra-prediction mode information
may include at least one of a predetermined mode sameness
indicator, the intra-prediction mode of the current block, an

indicator indicating whether or not the intra-prediction mode
of the current block 1s included in the MPM list, and an
index of the MPM list.

When a number of mtra-prediction modes defined 1n an
encoder/decoder 1s m, m intra-prediction modes may be
grouped 1n a plurality of groups. Each group may include at
least one intra-prediction mode. A number of intra-predic-
tion modes included 1n each group may be 1dentical, or may
be different for at least one group. For a specific group of the
plurality of groups, it may be limited to include a fixed
number of intra-prediction modes that i1s pre-defined 1n the
encoder/decoder. The fixed number may be, for example, n
equal to or greater than 1.

Coding information (group indicating information) that
specifies a group including the intra-prediction mode of the
current block among the plurality of groups may be signaled.
The group indicating information may be expressed as an
index representing a specific group. Alternatively, the group
indicating information may be expressed as a tlag represent-
ing whether or not the intra-prediction mode of the current
block 1s present in a corresponding group for each group.
For example, when n groups are present, at least one to
maximum n-1 tlags may be signaled.

At least one of the n—1 flags may be selectively encoded/
decoded based on at least one of a slice type, a quantization
parameter QP, a block (CU, PU, or TU) size or form or both.
For example, signaling of a flag or an index or both of a
specific group may be skipped based on at least one of a slice
type, a quantization parameter, a block size or form or both.
For example, according to whether or not a slice type 1s a 1
slice, signaling of a first flag may be skipped. Alternatively,
whether or not a quantization parameter 1s smaller than a
first threshold value, signaling of a first flag may be skipped.
Alternatively, according to at least one of whether or not a
block size 1s equal to or greater than a predetermined size
(NxM, N and M may be 1dentical or different), whether or
not a number of samples within the block 1s smaller than a
second threshold value, and whether or not a block form 1s
an asymmetric form, a square form, etc., signaling of a first
flag may be skipped.

The above description 1s not limited to the first flag, and
it may be 1dentically or similarly applied to a second flag, a
third flag, an n—1th flag, etc. The first threshold value or the
second threshold value or both may be a fixed value that 1s
pre-defined in the encoder/decoder, or may be varnably
derived based on a slice type, a block size/form, a bit depth,
a quantization parameter, etc.

When a plurality of intra-prediction modes are included
within a group, a flag or index representing a position of the
intra-prediction mode of the current block may be addition-
ally signaled. When a single intra-prediction mode 1is
included within the group, the flag or mndex may not be
signaled.

In addition, the flag may be selectively encoded/decoded
according to a dependency between groups. For example,
when the intra-prediction mode of the current block 1s not
present 1n a first group (first tlag=0), a flag (second flag)
representing whether or not the intra-prediction mode 1s
present 1n a second group may be signaled. Similarly, when
the second tlag 1s 0, a flag (third flag) representing whether
or not the intra-prediction mode of the current block 1is
present 1n a third group may be signaled.
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In order to signal the intra-prediction mode of the current
block, whether or not the intra-prediction mode 1s 1dentical
to a predetermined mode 1s determined. The MPM list 1s
configured based on this, and intra-prediction mode infor-
mation may be encoded/decoded.

An indicator indicating whether or not the intra-prediction
mode of the current block 1s 1dentical to the predetermined
mode (predetermined mode sameness indicator) may be
encoded/decoded. The predetermined mode may be at least
one ol an intra-prediction mode of at least one neighbor
block of the current block, a DC mode and a planar mode.
Alternatively, the predetermined mode may be a mode
included in any one of the above groups (for example, first
group).

FIG. 7 1s a view for illustrating at least one neighbor block
of the current block.

An mtra-prediction mode of a neighbor block at a specific
position among neighbor blocks of the current block may be
the predetermined mode. For example, the predetermined
mode may be ‘1’. Herein, when a mode corresponding to ‘1”
1s not present, one of an 1ntra-prediction mode, a DC mode,
and a planar mode of another neighbor block at another
position may be the predetermined mode. For example, the
intra-prediction mode of the neighbor block at another
position may be ‘c’. When both of ‘1" and ‘¢’ are not present,
a DC mode or a planar mode may be the predetermined
mode.

When the intra-prediction mode of the current block 1s
identical to the predetermined mode, the encoder may
encode a predetermined mode sameness indicator having a
value 1 (first value). The decoder may derive the intra-
prediction mode of the current block as the predetermined
mode when the decoder receives a predetermined mode
sameness indicator having a value 1.

When the intra-prediction mode of the current block is not
identical to the predetermined mode, the encoder may
encode a predetermined mode sameness indicator having a
value 2 (second value). In continuation, the encoder may
encode an MPM matching indicator. The MPM matching
indicator may be an indicator representing whether or not a
mode 1dentical to the intra-prediction mode of the current
block 1s present within an MPM list. The decoder may
decode an MPM matching indicator when the decoder
receives a predetermined mode sameness indicator having a
value O.

The MPM list may be configured by using an 1intra-
prediction mode of at least one neighbor block. The MPM
list may include n candidate modes according to a prede-
termined order. Referring to FIG. 7, for example, the MPM
list may be configured by including candidate modes 1n an
order of ‘C’, planar, DC, ‘g’, ‘d’, and ‘a’. Herein, when the
candidate mode 1s 1dentical to the predetermined mode or 1s
identical to a mode that 1s already included 1n the MPM list,
the candidate mode may not be added to the MPM list. When
a number of candidate modes includes 1n the MPM list 1s
smaller than n, at least one of an angular mode +1, an
angular mode -1, the angular mode being included 1n the
MPM list, a horlzontal mode, a vertical mode, a 45 degrees
mode, a 135 degrees mode, and a 225 degrees mode may be
added to the MPM list.

When the intra-prediction mode of the current block 1s
included in the MPM list, the encoder may encode an MPM
matching indicator having a value 1 (first value) and an
MPM index for the MPM list. The MPM 1ndex may be an
index indicating a mode 1dentical to the intra-prediction
mode of the current block among candidate modes 1included

in the MPM list. The decoder may decode an MPM 1ndex

10

15

20

25

30

35

40

45

50

55

60

65

18

when the decoder receives an MPM matching indicator
having a value 1, and derive the itra-prediction mode of the
current block by using the MPM list and the MPM index.

When the 1ntra-prediction mode of the current block 1s not
included 1n the MPM list, the encoder may encode an MPM
matching indicator having a value 0 (second value) and
information indicating the intra-prediction mode of the
current block. The information indicating the intra-predic-
tion mode of the current block (intra-prediction mode 1ndi-
cating information) may be imnformation indicating a mode
corresponding to the predetermined mode and the intra-
prediction mode of the current block among modes except
for the predetermined mode and candidate modes included
in the MPM list. The decoder may derive the intra-prediction
mode of the current block by decoding intra-prediction
mode indicating information when the decoder receives an
MPM matching indicator having a value 0.

Table 2 1s a table showing bins of the MPM index
according to at least one of the predetermined mode same-
ness idicator (for example, X mode flag), the MPM match-
ing indicator (for example, MPM flag), and the MPM 1ndex
(for example, MPM Idx) value.

TABLE 2
pre-
determined
mode MPM
sameness  matching
indicator indicator
(X mode (MPM MPM
flag) flag) Idx MPM Idx bins bins
1 — — 1
0 1 0 0 3
1 1 0 4
2 1 0 5
3 1 0 6
4 1 1 6

In Table 2, when the predetermined mode sameness
indicator has a value 1, signaling for additionally indicating
the mode 1s not required. In other words, when the prede-
termined mode sameness indicator 1s 1, the intra-prediction
mode of the current block may be derived as the predeter-
mined mode.

As described above, 1n order to signal the intra-prediction
mode of the current block, M MPM lists may be configured.
Herein, each MPM list may include N candidate modes.
Herein, M or N may be an integer equal to or greater than
1.

For example, a single MPM list including six candidate
modes may be configured. For example, referring to FIG. 7,
according to an order of ‘1”, *¢’, planar, DC, ‘g’, ‘d’, and ‘a’,
the MPM list may be configured. When the candidate mode
1S overlapped or the candidate mode 1s not present so that the
MPM list 1s not set, the MPM list may be configured by
adding at least one of an angular mode +1, an angular mode
-1, the angular mode being included in the MPM list, a
horizontal mode, a vertical mode, a 45 degrees mode, a 135
degrees mode, and a 225 degrees mode.

For example, two MPM lists may be configured. The first
MPM list may include a single candidate mode. The second
MPM list may 1nclude five candidate modes. For example,
referring to FI1G. 7, according to an order of ‘1, ‘c’, planar,

DC, ‘g’, ‘d’, and ‘a’, the first MPM list may be configured
first. After, the second MPM list may be configured. A
process performed when the MPM list 1s not set with the

candidate mode 1s as described above.
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For example, two MPM lists may be configured. The first
MPM list may include three candidate modes. The second
MPM list may include three candidate modes. For example,
referring to FIG. 7, according to an order of ‘1”, °c’, planar,
DC, ‘g’, ‘d’, and ‘a’, the first MPM list may be configured
first, and the second MPM list may be configured after-
wards. Alternatively, according to the above order the can-
didate modes may be included 1n the first MPM list and the
second MPM list 1n turn. A process performed when the
MPM list 1s not set with the candidate mode 1s as described
above.

For example, two MPM lists may be configured. The first
MPM list may include two candidate modes. The second
MPM list may include four candidate modes. For example,

referring to FIG. 7, according to an order of planar, DC, ‘17,
‘c’, ‘g’, ‘d’, and ‘a’, the first MPM list may be configured
first, and the second MPM list may be configured after-
wards. Alternatively, according to the above order, the
candidate modes may be included the first MPM list and the
second MPM list 1n turn. A process performed when the
MPM list 1s not set to the candidate mode 1s as described
above.

FIG. 8 1s a view for illustrating encoding of an 1intra-
prediction mode of a current block.

The 1ntra-prediction mode information may be at least one
ol intra-prediction mode indicating information of the cur-
rent block, a predetermined mode sameness indicator, an
MPM matching indicator, and an MPM 1ndex.

In step S810, whether or not an intra-prediction mode of
the current block 1s 1dentical to a predetermined mode may
be determined. When the intra-prediction mode of the cur-
rent block 1s 1dentical to the predetermined mode, in step
5820, a predetermined mode sameness indicator having a
first value (for example, 1) may be encoded. Otherwise, 1n
step S830, at least one MPM list may be configured.

In step S840, whether or not the intra-prediction mode of
the current block 1s included in the MPM list may be
determined. When the intra-prediction mode of the current
block 1s included 1n the MPM list, i step S850, a prede-
termined mode sameness indicator having a second value
(for example, 0), an MPM matching indicator having a first
value, and an MPM index may be encoded. Otherwise, in
step S860, a predetermined mode sameness indicator having
a second value, an MPM matching indicator having a second
value, and intra-prediction mode indicating information of
the current block may be encoded.

FIG. 9 1s a view for illustrating decoding of an 1intra-
prediction mode of a current block

In step S910, a predetermined mode sameness 1ndicator
may be decoded. When the predetermined mode sameness
indicator has a first value, 1 step S920, a predetermined
mode may be denived. In step S970, an intra-prediction
mode of a current block may be derived based on this. When
the predetermined mode sameness indicator has a second
value, 1n step S930, an MPM list may be configured.

In step S940, an MPM matching indicator may be
decoded. When the MPM matching indicator has a first
value, 1n step S950, an MPM 1ndex may be decoded, and in
step S970, the intra-prediction mode of the current block
may be derived based on this. When the MPM matching
indicator has a second value, 1n step S960, 1ntra-prediction
mode indicating mformation of the current block may be
decoded, and 1n step S970, the intra-prediction mode of the
current block may be derived.

When the MPM list includes a single candidate mode and
the MPM matching indicator has a first value, the MPM
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index may not be encoded/decoded. Herein, the intra-pre-
diction mode of the current block may be derived as the
candidate mode.

In the embodiment described with reference to FIG. 8 and
FIG. 9, a plurality of MPM lists may be present. For
example, two MPM lists may respectively include a single
MPM candidate mode and five MPM candidate modes. As
described above, an MPM index for the MPM list including
a single candidate mode may not be encoded/decoded. When
a plurality of MPM lists 1s present, according to a predeter-
mined order, an MPM matching indicator may be sequen-
tially encoded/decoded. An MPM matching indicator for an
n-th MPM list may be encoded/decoded when an MPM
matching indicator for an n-1th MPM list has a second
value. An MPM 1ndex for a corresponding MPM list may be
encoded/decoded when an MPM matching indicator for a
corresponding MPM list has a first value. The intra-predic-
tion mode 1ndicating information of the current block may
be encoded/decoded when all MPM matching indicators for
MPM lists have a second value.

In order to encode/decode the intra-prediction mode infor-
mation, at least one binarization method may be used. The
binarization method may include at least one of a truncated
rice binarization method, a k-th order Exp_Golomb bina-
rization method, a constramned k-th order Exp_Golomb
binarization method, a fixed-length binarization method, a
unary binarization method, and a truncated unary binariza-
tion method.

Table 3 shows bins of MPM indexes when a single MPM
list 1including si1x candidate modes 1s used, and a truncated
unary binarization method 1s used for processing binariza-
tion.

TABLE 3
MPM MPM
flag Idx MPM Idx bins bins
1 0 0 2
1 ] 0 3
2 1 0 4
3 0 5
4 1 0 6
5 1 1 6

Table 4 shows bins of MPM indexes when a first MPM
list including a single candidate mode and a second MPM
l1st including five candidate modes are used, and a truncated
unary binarization method is used for processing binariza-
tion.

TABLE 4
lst MPM  2ndMPM MPM
flag flag Idx MPM Idx bins bins

1 — — 1
0 1 0 0 3
1 ] 0 4
2 0 5
3 1 0 6
4 1 1 6

The total number of bits for expressing six candidate
modes of Table 3 1s 26 bits, and the total number of bits for
expressing six candidate modes of Table 4 1s 25 bits. This 1s
because, a single predetermined mode of Table 4 may be
expressed by using one bit. When a predetermined mode 1s
selected as an intra-prediction mode, in the binarization
method of Table 4, a number of bits equal to a number of
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selected predetermined modes may be reduced more than
the binarization method of Table 3.

As described above, selecting of an encoding/decoding
method used for encoding/decoding an intra-prediction
mode of a current block may be performed based on at least
one of a coding parameter of the current block, a slice type
of a slice to which the current block belongs, a quantization
parameter of the current block, a size of the current block,
and a form of the current block.

In detail, at least one of performing whether or not to
determine a predetermined mode sameness, a number of
MPM lists, and a number of MPM candidate modes to be
included 1n each MPM list may be determined according to
a slice type to which the current block belong. For example,
when a slice to which the current block belongs 1s at least
one of a I slice, a P slice, and a B slice, determining of the
predetermined mode sameness may be performed, a single
MPM list may be configured, or two MPM lists may be
configured.

Alternatively, based on a result obtained by comparing a
QP of the current block with a threshold value, for example,
when the QP of the current block 1s smaller than the
threshold value, determining of the predetermined mode
sameness may be performed, a single MPM list may be
configured, or two MPM lists may be configured. Alterna-
tively, when the QP of the current block 1s greater than the
threshold value, the above process may be performed.

Alternatively, when the current block has a predetermined
s1ze (4x4, 8x8, 16x16, 32x32, 32x16, etc.), determining of
the predetermined mode sameness may be performed, a
single MPM list may be configured, or two MPM lists may
be configured.

Alternatively, when the current block has a specific form
(square, 1:2 rectangle, 2:1 rectangle, 4:1 rectangle, 1:4
rectangle, etc.), determiming of the predetermined mode
sameness may be performed, a single MPM list may be
configured, or two MPM lists may be configured.

Alternatively, when at least two of the above conditions
are satisfied, the above process may be performed. For
example, when a slice type 1s a I slice and a QP value of the
current block 1s smaller than a threshold value, an encoding/
decoding method may vary. For example, when a slice type
1s a I slice and the current block 1s a square block having an
8x8 size, an encoding/decoding method may vary.

In addition to selecting of the encoding/decoding method
described above, a predetermined mode according to the
present invention may be adaptively derived according to a
coding parameter of a current block, a slice type, and a block
size or form or both. In addition, a deriving order and a
deriving method of an MPM candidate mode according to
the present invention may be adaptively determined accord-
ing to a coding parameter, a slice type, and a block size
and/or a form of the current block.

Information representing whether or not an intra-predic-
tion mode signaling method according to the present inven-
tion (for example, indicator such as tlag, etc.) 1s applicable
may be signaled 1n a higher level of a block. The higher level
may be, for example, at least one of a video, a sequence, a
picture, a slice, a tile, a C'TU, and a CU. For example, when
it 1s determined that an intra-prediction mode signaling
method according to the present invention 1s eflective after
encoding a specific slice (or, sequence or picture), informa-
tion indicating whether or not the intra-prediction mode
signaling method according to the present invention 1s
applicable may be included 1n a slice header (or, sequence
parameter set (SPS) or picture parameter set (PPS)). When
the intra-prediction mode signaling method according to the
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present invention 1s applied, information of a predetermined
mode may be signaled. The information of the predeter-
mined mode may be mformation for deriving the predeter-
mined mode. For example, the information of the predeter-
mined mode may indicate a first mode, an n-th mode, a DC
mode, or a planar mode included mm an MPM list. When

information for deriving the predetermined mode 1s not
signaled, the predetermined mode may be derived by using
a default method. For example, the default method may be
a method of deriving a first candidate mode of an MPM list
as the predetermined mode.

Information representing whether or not an intra-predic-
tion mode signaling method according to the present inven-
tion 1s applicable and mnformation of a predetermined mode
may be signaled i levels different from each other. For
example, when the intra-prediction mode signaling method
according to the present invention 1s applicable 1n a picture
level, the information of the predetermined mode may be
differently transmitted from a slice level. Herein, a method
of deriving a predetermined mode of each slice included 1n
a corresponding picture may vary.

Based on the derived intra-prediction mode, a reference
sample for itra-prediction may be configured. In the fol-
lowing description, a current block may mean a prediction
block or a sub-block having a size/form smaller than a
s1ze/form of the prediction block. The reference sample may
be configured by using at least one sample that 1s recon-
structed adjacent to the current block or by using a combi-
nation thereof. In addition, filtering may be applied when
configuring the reference sample.

A number of reconstructed sample lines or positions
thereol or both which 1s used for configuring the reference
sample may vary according to a position of a current block
within a coding tree block. Each reconstructed sample of a
plurality of reconstructed sample lines may be used as the
reference sample as 1t 1s. Alternatively, a predetermined filter
may be applied to the reconstructed sample, and the refer-
ence sample may be generated by using the filtered recon-
structed sample. The reconstructed samples to which the
filter 1s applied may belong to an i1dentical reconstructed
sample line or to another reconstructed sample line.

The configured reference sample may be represented as
reflm, n], and a neighbor reconstructed sample or a sample
obtained by applying filtering thereof may be represented as
rec[m, n]. Herein, m or n may be a predetermined integer
representing a position of a sample. When a position of a left
upper side sample within the current block 1s (0, 0), a
position of a left upper side reference sample of the current
block may be set to (-1, —-1).

In order to configure the reference sample, 1t may be
determined whether or not a neighbor reconstructed sample
1s available. When the neighbor reconstructed sample 1is
positioned outside of at least one of a picture, a slice, a tile,
and a CTU, the neighbor reconstructed sample may be
determined as unavailable. Alternatively, when constrained
intra-prediction 1s performed for a current block, and the
neighbor reconstructed sample 1s positioned 1n a block that
1s 1nter encoded/decoded, the neighbor reconstructed sample
may be determined as unavailable.

When the neighbor reconstructed sample 1s determined as
unavailable, an unavailable sample may be replaced by
using an available neighbor reconstructed sample. For
example, the unavailable sample may be set by using
available samples starting from a left lower side positioned
sample. Alternatively, the unavailable sample may be
replaced by using a combination of available samples. For
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example, the unavailable sample may be replaced with an
average value of available samples positioned at both ends
of the unavailable sample.

Alternatively, the unavailable samples may be replaced by
using information of available samples. Herein, the unavail-
able samples may be replaced with an arbitrary value rather
than an available neighbor sample value. The arbitrary value
may be an average value of available sample values, or may
be a value 1n consideration of gradients of available sample
values. Alternatively, both of the average value and the
gradient may be used. The gradient may be determined
based on a residual value of available neighbor samples.
Alternatively, 1t may be determined based on the average
value and a residual value of available sample values. In
addition to the average value, a maximum value, a minimum
value, a median value, or a weighted sun using an arbitrary
weight may be used. The arbitrary weight may be deter-
mined based on a distance between an available sample and
an unavailable sample.

The above methods may be applied to all upper and left
side reference samples or may be applied only to an arbitrary
angle. In addition, the above methods may be applied when
a reference sample line of the current block 1s configured by
using a plurality of reconstructed sample lines.

Whether to apply filtering to at least one configured
reference sample may be determined based on at least one of
an intra-prediction mode of the current block, and a block
s1ze/form. When filtering 1s applied, a filter type may vary
according to the intra-prediction mode, the size, and the
form of the current block.

Intra-prediction for the current block may be performed
based on the derived mtra-prediction mode and the reference
sample.

In case of a DC mode, an average value of at least one of
the configured reference samples may be used. Herein,
filtering may be applied to at least one prediction sample
positioned at a boundary of the current block. DC prediction
may be diflerently performed based on at least one of a size
and a form of the current block. For example, based on a size
or form or both of the current block, a range of a reference
sample used 1n a DC mode may be specified.

In case of a planar mode, according to a position of an
intra-prediction target sample of the current block, a
weilghted sum in consideration of a distance from at least one
reference sample may be used.

In case of an angular mode, at least one reference sample
present on a predetermined angle line at a position of an
intra-prediction target sample and present adjacent to the
intra-prediction target sample may be used.

When performing intra-prediction between color compo-
nents, for example, intra-prediction for a chroma component
may be performed by suing a reconstructed luma component
of a current block. Alternatively, intra-prediction for another
chroma component (for example, Cr) may be performed by
using a single reconstructed chroma component (for
example, Cb) of the current block.

The above embodiments may be performed in the same
method 1n an encoder and a decoder.

A sequence of applying to above embodiment may be
different between an encoder and a decoder, or the sequence
applying to above embodiment may be the same 1n the
encoder and the decoder.

The above embodiment may be performed on each luma
signal and chroma signal, or the above embodiment may be
identically performed on luma and chroma signals.
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A block form to which the above embodiments of the
present invention are applied may have a square form or a
non-square form.

The above embodiment of the present invention may be
applied depending on a size of at least one of a coding block,
a prediction block, a transform block, a block, a current
block, a coding unit, a prediction unit, a transform unit, a
unit, and a current unit. Herein, the size may be defined as
a minimum size or maximum size or both so that the above
embodiments are applied, or may be defined as a fixed size
to which the above embodiment 1s applied. In addition, in
the above embodiments, a first embodiment may be applied
to a first size, and a second embodiment may be applied to
a second size. In other words, the above embodiments may
be applied 1n combination depending on a size. In addition,
the above embodiments may be applied when a size 1s equal
to or greater that a minimum size and equal to or smaller
than a maximum size. In other words, the above embodi-
ments may be applied when a block size 1s included within
a certain range.

For example, the above embodiments may be applied
when a size of current block 1s 8x8 or greater. For example,
the above embodiments may be applied when a size of
current block 1s 4x4 or greater. For example, the above
embodiments may be applied when a size of current block
1s 16x16 or greater. For example, the above embodiments
may be applied when a size of current block 1s equal to or
greater than 16x16 and equal to or smaller than 64x64.

The above embodiments of the present invention may be
applied depending on a temporal layer. In order to 1dentity
a temporal layer to which the above embodiments may be
applied may be signaled, and the above embodiments may
be applied to a specified temporal layer identified by the
corresponding 1dentifier. Herein, the identifier may be
defined as the lowest layer or the highest layer or both to
which the above embodiment may be applied, or may be
defined to indicate a specific layer to which the embodiment
1s applied. In addition, a fixed temporal layer to which the
embodiment 1s applied may be defined.

For example, the above embodiments may be applied
when a temporal layer of a current image 1s the lowest layer.
For example, the above embodiments may be applied when
a temporal layer identifier of a current image 1s 1. For
example, the above embodiments may be applied when a
temporal layer of a current image 1s the highest layer.

A slice type to which the above embodiments of the
present invention are applied may be defined, and the above
embodiments may be applied depending on the correspond-
ing slice type.

In the above-described embodiments, the methods are
described based on the flowcharts with a series of steps or
units, but the present invention 1s not limited to the order of
the steps, and rather, some steps may be performed simul-
taneously or in different order with other steps. In addition,
it should be appreciated by one of ordinary skill in the art
that the steps 1n the flowcharts do not exclude each other and
that other steps may be added to the tlowcharts or some of
the steps may be deleted from the flowcharts without intlu-
encing the scope of the present invention.

The embodiments include various aspects of examples.
All possible combinations for various aspects may not be
described, but those skilled in the art will be able to
recognize different combinations. Accordingly, the present
invention may include all replacements, modifications, and
changes within the scope of the claims.

The embodiments of the present invention may be imple-
mented 1n a form of program instructions, which are execut-
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able by various computer components, and recorded 1n a
computer-readable recording medium. The computer-read-
able recording medium may include stand-alone or a com-
bination of program instructions, data files, data structures,
ctc. The program instructions recorded in the computer-
readable recording medium may be specially designed and
constructed for the present invention, or well-known to a
person of ordinary skilled in computer software technology
field. Examples of the computer-readable recording medium
include magnetic recording media such as hard disks, floppy
disks, and magnetic tapes; optical data storage media such as
CD-ROMs or DVD-ROMs; magneto-optimum media such
as floptical disks; and hardware devices, such as read-only
memory (ROM), random-access memory (RAM), ftlash
memory, etc., which are particularly structured to store and
implement the program instruction. Examples of the pro-
gram 1nstructions include not only a mechanical language
code formatted by a compiler but also a high level language
code that may be implemented by a computer using an
interpreter. The hardware devices may be configured to be
operated by one or more software modules or vice versa to
conduct the processes according to the present invention.

Although the present mvention has been described 1in
terms of specific items such as detailed elements as well as
the limited embodiments and the drawings, they are only
provided to help more general understanding of the inven-
tion, and the present mnvention 1s not limited to the above
embodiments. It will be appreciated by those skilled 1n the
art to which the present invention pertains that various
modifications and changes may be made from the above
description.

Therefore, the spirit of the present invention shall not be
limited to the above-described embodiments, and the entire
scope of the appended claims and their equivalents waill fall
within the scope and spirit of the mvention.

INDUSTRIAL APPLICABILITY

The present invention may be used 1n encoding/decoding,
an 1mage.

The 1nvention claimed 1s:

1. An 1image decoding method comprising;:

decoding a predetermined mode sameness indicator indi-
cating whether or not an 1ntra prediction mode of a
current block 1s a predetermined mode;

in case the predetermined mode sameness mdicator 1ndi-
cating that the intra prediction mode of the current
block 1s the predetermined mode, determining the intra
prediction mode of the current block to be the prede-
termined mode;:

in case the predetermined mode sameness mdicator 1ndi-
cating that the intra prediction mode of the current
block 1s not the predetermined mode, determining the
intra prediction mode of the current block from among
a plurality of intra prediction modes that do not contain
the predetermined mode;

deniving a reference sample of intra prediction of the
current block:

generating a prediction block of the current block by
performing intra prediction of the current block based
on the intra prediction mode and the reference sample;
and

reconstructing the current block based on the prediction

block.
2. The method of claim 1,
wherein the predetermined mode 1s a planar mode.
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3. The method of claim 1,

wherein, 1n case the predetermined mode sameness 1ndi-
cator indicating that the intra prediction mode of the
current block 1s not the predetermined mode, the intra
prediction mode of the current block 1s derived based
on an MPM list for the current block and an index

indicating one mode inside the MPM list.
4. The method of claim 3,

wherein the MPM list does not include the predetermined
mode.

5. The method of claim 1,

wherein the deriving the reference sample for the intra
prediction of the current block comprises selecting one
reconstructed sample line from a plurality of recon-

structed sample lines.
6. The method of claim 5,

wherein the selecting one reconstructed sample line from
the plurality of reconstructed samples lines 1s per-
formed differently according to a position of the current
block 1nside a coding tree block.

7. The method of claim 1,

wherein, 1n case the intra prediction mode of the current

block 1s a DC mode, the deriving the reference sample

for the intra prediction of the current block 1s per-

formed differently according to a shape of the current

block.

8. The method of claim 7,

wherein, 1n case the intra prediction mode of the current
block 1s a DC mode, a range of the reference sample
used for the intra prediction of the current block 1is
determined differently according to the shape of the
current block.

9. An 1mage encoding method comprising:

determining an intra prediction mode of a current block;

encoding a predetermined mode sameness indicator 1ndi-
cating whether or not the intra prediction mode of the
current block 1s a predetermined mode based on the
intra prediction mode of the current block;

deriving a reference sample for intra prediction of the
current block;

generating a prediction block of the current block by
performing intra prediction of the current block based
on the intra prediction mode and the reference sample;
and

encoding the current block based on the prediction block,

wherein 1n case the intra prediction mode of the current
block 1s the predetermined mode, the predetermined
mode sameness 1ndicator 1s configured to idicate that
the intra prediction mode of the current block is the
predetermined mode,

in case the intra prediction mode of the current block 1s
not the predetermined mode, the predetermined mode
sameness indicator 1s configured to indicate that the
intra prediction mode of the current block 1s determined
from among a plurality of intra prediction modes that
do not contain the predetermined mode.

10. The method of claim 9,

wherein the predetermined mode 1s a planar mode.

11. The method of claam 9,

wherein, 1n case the 1ntra prediction mode of the current
block 1s not the predetermined mode, the predeter-
mined mode sameness 1ndicator 1s configured to indi-
cate that the intra prediction mode of the current block
1s encoded using an MPM list for the current block and
an index 1ndicating one mode 1nside the MPM list.

12. The method of claim 11,

wherein the MPM list does not include the predetermined
mode.
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13. The method of claim 9,

wherein the deriving the reference sample for the intra
prediction of the current block comprises selecting one
reconstructed sample line from a plurality of recon-
structed sample lines.

14. The method of claim 13,

wherein the selecting one reconstructed sample line from
a plurality of reconstructed samples lines 1s performed
differently according to a position of the current block
inside a coding tree block.

15. The method of claim 9,

wherein, 1 case the intra prediction mode of the current
block 1s a DC mode, a range of the reference sample
used for the intra prediction of the current block 1s
determined differently according to the shape of the
current block.

16. A non-transitory computer readable recording medium

storing a bitstream which 1s received, decoded and used to
reconstruct an 1image by an image decoding apparatus,

wherein the bitstream comprises a predetermined mode
sameness 1ndicator of a current block indicating
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whether or not an intra prediction mode of the current
block 1s a predetermined mode,

in case the predetermined mode sameness 1ndicator indi-
cating that the intra prediction mode of the current
block 1s the predetermined mode, the intra prediction
mode of the current block 1s determined to be the
predetermined mode,

in case the predetermined mode sameness indicator indi-
cating that the intra prediction mode of the current
block 1s not the predetermined mode, the intra predic-

tion mode of the current block 1s determined from
among a plurality of intra prediction modes that do not
contain the predetermined mode,

the intra prediction mode 1s used with a reference sample
of the intra prediction to generate a prediction block of
the current block by performing intra prediction of the
current block, and

the prediction block i1s used to reconstruct the current

block.
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